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Abstract 
Sulfur amino acids, such as taurine, hypotaurine, and thiotaurine, were found in high 
quantities in tissues of marine symbiotic organisms (e.g., bivalves, tubeworms) living close to 
hydrothermal vent sites. Therefore, they are assumed to play a key role in the S-oxidizing 
base metabolism or sulfide detoxification. We propose here a specific, rapid, and original 
analytical procedure for the direct determination of sulfur amino acids at the level of a few 
parts per billion in biological samples, avoiding the classical low specific post-column ortho-
phthaldialdehyde derivatization step required by non-ultraviolet-absorbing molecules. Indeed, 
by coupling liquid chromatography on a porous graphitic stationary phase under isocratic 
conditions (10 mM ammonium acetate buffer adjusted to pH 9.3) to tandem mass 
spectrometry (ionization process by pneumatically assisted electrospray in negative ion 
mode), it is possible to perform specific quantification of these metabolites in less than 10 min 
directly in biological matrices without any derivatization step or other tedious sample 
treatments. Thus, taurine, hypotaurine, and thiotaurine have been identified and assayed in 
several deep sea organisms, showing that the developed method is well suited for this kind of 
application.  
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Hydrothermal vents at mid-ocean ridges and hydrocarbon or brine seep areas are examples of 
special habitats based on chemolithotrophic or methyl-trophic primary production [1]. The 
high biomass densities in these ecosystems rely mainly on symbiotic associations between 
bacteria and unique invertebrates [2]. High amounts of unusual amino compounds have been 
found in the tissues of these symbiotic invertebrates, especially sulfur compounds [3], [4], [5] and 
[6]. Their metabolic role has been related to the S-oxidizing base metabolism [3], [4], [7] and [8], 
sulfide detoxification [9], and osmoregulation [10], [11] and [12]. These sulfur amino acids are 
compounds lacking in a chromophore group. Therefore, the majority of the chromatographic 
methods proposed for their characterization involve pre- or postderivatization to allow 
ultraviolet (UV)1 visible fluorometric detection [4], [5], [6], [7], [8], [9], [13], [14], [15], [16], [17], [18] and [19] or 
the use of the refractive index [10]. A few alternative methods involving another detection 
mode, such as electrochemical detection for hypotaurine [20] and taurine determination [21], 
have been proposed. Recently, nuclear magnetic resonance (NMR) [10] and [22] and electrospray 
(ES) mass spectrometry (MS) [22] and [23] were used to detect hypotaurine or taurine directly in 
tissue extracts, but none of these methods provides a reliable analytical method to characterize 
and quantify in a single run hypotaurine, taurine, and especially thiotaurine, specifically found 
in symbiotic deep sea invertebrates. 
In general, because most of the employed detection methods are not specific, the liquid 
chromatography (LC) methods developed are long (40–60 min) so as to separate the sulfur 
amino acids from the non-sulfur-containing amino acids or other interfering compounds [4], [9], 
[10], [13], [16] and [17]. Thus, there is still a need for a simple (avoiding a derivation step) and rapid 
( 10 min) analytical method that is applicable to complex matrices and that is able to reliably 
characterize and quantify hypotaurine, taurine, and thiotaurine. Considerable progress has 
been made during the past 5 years or so concerning the chromatographic separation and 
detection of underivatized amino acids [24], [25], [26], [27], [28], [29], [30] and [31]. With the development 
of MS–MS methods, high sensitivity and selectivity can be achieved in the analysis of 
complex samples (e.g., biological matrices) [28], [29], [30] and [31], making it possible to determine 
trace amounts of amino acids without derivatization and total baseline chromatographic 
separation. This reduces the analysis time by eliminating laborious sample preparation and 
also reduces the errors introduced by the derivatization procedure. Several complementary 
chromatographic systems compatible with MS detection are now available for the separation 
of underivatized protein amino acids. They use ion pair reversed-phase LC on octadecyl silica 
[24], [26], [28], [29], [30] and [31] or porous graphitic carbon (PGC) [25] columns with volatile 
perfluorinated carboxylic acids (from trifluoroacetic acid to pentadecafluorooctanoic acid) as 
an ion pairing reagent. High selectivities have been obtained even for the most polar 
underivatized protein amino acids. Using this LC–MS–MS methodology, a successful 
quantification of glutamic acid, glutamine, and other relevant amino acids has been obtained 
in fermentation media [27] and [29]. 
In this article, we describe an analytical method allowing the simultaneous determination of 
taurine, hypotaurine, and thiotaurine in tissues of some marine symbiotic invertebrates by 
LC–MS–MS. Two sulfur analogs, 2-aminoethylhydrogenosulfuric acid and 2-
aminoethylthiosulfuric acid, were evaluated as internal standards for quantification. 
 
Materials and methods  
Reagents : 
Taurine (NH2–CH2–CH2–SO3H) and hypotaurine (NH2–CH2–CH2–SO2H) were purchased 
from Sigma, 2-aminoethyl hydrogenosulfuric acid (NH2–CH2–CH2–O–SO3H) was purchased 
from Fluka, and 2-aminoethylthiosulfonic acid (NH2–CH2–CH2–S–SO3H) was purchased 
from Aldrich. Pure crystalline thiotaurine (NH2–CH2–CH2–SO2SH) was prepared according 
to the method of Cavallini et al. [32], whereby a solution of hypotaurine in 0.2 N NaOH is 
reacted with elemental sulfur in ethanol for 2 h at 85 °C. The solution is then placed at −20 °C 
overnight. Washing of unreacted sulfur from the precipitate obtained was done with toluene in 
place of carbon disulfide. After dissolution in a minimal amount of water and filtration, 
thiotaurine was recrystallized in absolute ethanol at −20 °C overnight. 
High-performance liquid chromatography (HPLC)-grade methanol, ethanol, n-propanol, 
isopropanol, butanol, and pentanol were obtained from J. T. Baker (Noisy-le-Sec, France). 
Water was purified from an Elgastat UHQ II system (Elga, Anthony, France). 
 
Biological material : 
Three deep sea symbiotic bivalves (Calyptogena magnifica, Bathymodiolus thermophilus, and 
an undescribed vesicomyid clam from Barbados) and one tubeworm (Riftia pachyptila) were 
studied. Specimens of R. pachyptila were collected during a Hydronaut cruise (East Pacific 
Rise, 13°( N). The tissues of the specimens of C. magnifica and B. thermophilus from 
Galapagos and the undescribed species from Barbados used during this investigation had 
already been studied for amino acids and diaminopimelate [4] and [5]. Lyophilized tissue extracts 
( 25–100 mg) were accurately weighed and extracted with cold 70% ethanol in accordance 
with [4]. Extracts were then filtered (0.2 μm), evaporated, redissolved in 1 ml water, and 
filtered again. Before injection onto the LC system, extracts were diluted by a factor of 10 
with the LC mobile phase. 
 
Apparatus : 
LC–MS–MS was carried out on a PerkinElmer (Toronto, Canada) model LC-200 system 
binary pump (flow rate 200 μl/min) and a PerkinElmer Sciex (Foster City, CA, USA) API 300 
mass spectrometer triple quadrupole with ion spray as ion source. The mass spectrometer was 
operated in negative ion mode (−4.0 kV). Injections were performed by a PerkinElmer series 
200 autosampler fitted with a 10-μl loop. A Harvard model 22 syringe pump was used to 
infuse the makeup solution in a sheath flow mode. Development of the LC method was 
performed using a Sedere (Vitry/Seine, France) Sedex 45 evaporative light scattering detector 
(ELSD), which was set with drift tube temperature at 45 °C and nebulizer gas pressure at 2.2 
bars, and a Shimadzu (Kyoto, Japan) CR-5A integrator. 
Separation was carried out on a PGC column, Hypercarb-S (100 × 2.1 mm i.d., particle size 
5 μm) from Hypersil (Runcorn, UK). The theoretical values of pH and ionic strength of 
buffers used as a mobile phase were calculated with PhoEBus, an application used for buffer 
studies (Analis, Namur, Belgium). 
 
Results and discussion 
Taurine-like compounds (Table 1) can be considered as amino acids. Thus, LC–MS–MS was 
investigated to replace the lengthy traditional LC–UV or fluorescence methods using pre- or 
postderivatization (mainly ortho-phthaldialdehyde) of the analytes. The first step in the 
development of the LC–MS or LC–MS–MS analytical methodology was the investigation of 
the most specific and sensitive conditions for detection (e.g., ionization mode, fragmentation).  
 
 
Table 1.  : Names, abbreviations, formulas, and nominal mass (for MS) of studied sulfur amino acids 
 
Mass and tandem MS of taurine and its analogs : 
In MS, when electronebulization is used as an ion source, the choice between positive or 
negative detection ion mode is often made by taking into account functional groups on the 
molecular structure. Thus, to produce ions, basic functional groups were preferentially 
protonated (parent ion is [M + H]+), whereas acidic groups were rather deprotonated (parent 
ion is [M − H]−). Because of their zwitterionic nature, both ionization modes can be 
considered for amino acids. 
For all of the sulfur amino acids studied, positive ion mode tandem MS leads mainly to a 
major fragment ion corresponding to a water loss. However, water loss is not specific enough 
for the assays in matrices because many protonated metabolites lose water during the 
fragmentation step. 
In a negative ion mode, the MS–MS fragmentation is related to the anionic part of the sulfur 
amino acid, as displayed in Fig. 1. For example, the deprotonated molecular ion of taurine 
([M − H]− at m/z 124) yields the [SO3]− fragment at m/z 80 (ion transition 124 → 80). For 2-
AEHS ([M − H]− at m/z 141), the observed fragment ion is [HSO4]− (m/z 97) due to an 
additional proton shift mechanism occurring during the fragmentation step. For 2-AETS 
([M − H]− at m/z 156), fragmentation occurs between the two sulfur atoms, yielding [SO3]− 
(m/z 80) rather than [S2O3]− (m/z 112). For thiotaurine, the deprotonated molecular ion yields 
an m/z 96 fragment corresponding to [SO2S]−, confirming the structure (Table 1). Therefore, 
this kind of fragmentation leads to a more specific detection than a water loss. Moreover, 
Lillard et al. [22] found a significantly lower response in ES positive mode for taurine in 
collected biological samples than in ES negative mode. Moreover, the negative ion mode is 
even more interesting than the positive mode because it provides more specificity and also 
appears to give more sensitivity [22] for direct detection of the studied thioamines in 
biological samples.  
 
 
Fig. 1. Fragmentation (tandem MS) of hypotaurine, taurine, and thiotaurine in negative ionization mode at 25 eV 
(collision energy). Ion spray voltage, −4.0 kV. Hpt, Tau, and Tht were infused at 5 μl/min in the 
chromatographic mobile phase (100 mg/L). 
 
Collision energy was then optimized to obtain the more sensitive MS–MS detection. The 
optimal levels of collision energy are 26 eV for hypotaurine, 30 eV for thiotaurine, and 32 eV 
for taurine. Thus, these parameters were chosen and used in the subsequent studies. 
For all of these reasons, the development of efficient sample preparation and LC conditions 
compatible with MS detection using a negative ion mode appeared to be satisfactory to 
quantify sulfur amino acids in biological samples. 
 
 
 
 
 
Development of the LC method using a PGC stationary phase : 
As depicted in Fig. 1, the molecular weights of the molecules of interest are different. In 
addition, their fragmentation leads to the production of ions with different m/z ratios, showing 
that mass, and in particular tandem MS, is sufficient to distinguish them specifically without 
any separation system. However, it is well established that matrices could induce an ion 
suppression effect due to potential interfering compounds, reducing the sensitivity and 
accuracy of detection. Moreover, some interfering molecules may exhibit the same ion 
transitions (e.g., isomers, isobars) as the studied solutes, leading to possible confusion. Thus, 
it is generally necessary to develop a separation method for two main reasons: (i) to exclude 
solutes of interest from the void volume where ion suppression is maximal given that most of 
the matrix compounds are eluted in this area and (ii) to maintain selectivity among the solutes 
of interest and other interfering solutes of the matrices when mass, or even tandem MS, 
detection is not specific enough. 
Several suitable and complementary chromatographic systems compatible with MS detection 
are now available for the separation of underivatized proteinogenic amino acids [24], [25], [26], [27] 
and [28]. By using perfluorinated carboxylic acids as an ion-pairing reagent in the mobile phase, 
high amino acid selectivities can be obtained on the C8, C18 silica [24], [26] and [28], or PGC [25] 
and [27] stationary phases. 
However, in the reversed-phase ion pairing chromatography (RP-IPC) system mentioned 
above for underivatized amino acids, the mobile phase is more suitable for the positive ion 
mode detection, particularly because the positive ion mode prevents the spectrometer from 
being contaminated by the negatively charged ion pairing agent [24]. Using the negative ion 
mode, in contrast, the ion pairing agent can fully and easily enter the spectrometer and 
contaminate it. Consequently, these RP-IPC systems using perfluorocarboxylic acids are not 
suitable for a negative ion MS detection mode. 
Because a negative ion MS detection mode is more interesting for the analysis of taurine and 
its analogs, it is preferable that compatible LC systems with a negative ionization mode be 
developed. The use of the ELSD is an inexpensive approach for developing the required 
chromatographic conditions for LC–MS and is more straightforward than MS given that only 
a few parameters need to be taken into consideration [33]. As a result, the ELSD was used 
here because MS was not available during the chromatographic development step. Most LC 
methods can then be directly coupled to MS without any further chromatographic 
modification. 
Porous graphitic carbon not only is a unique hydrophobic stationary phase containing planar 
sp2 carbon sheaths but also is an electronic-rich adsorbent material. As a result, because of the 
presence of π-delocalized electrons on its surface, PGC behavior is often different from that 
observed in a pure reversed-phase support. Thus, it is possible to observe retention for anionic 
or cationic organic compounds [34], [35], [36], [37], [38] and [39], and even inorganic anions [34], 
whereas they are not retained under the same conditions in reversed-phase classical stationary 
phases. Trifluoroacetic acid is the most widely used electronic competitor [34], [36], [37], [38] and 
[39], but acetic acid and formic acid are also suitable [38]. Cationic organic compounds could 
also be analyzed on PGC [36], but it seems that their retention in the PGC stationary phase is 
more likely due to their hydrophobic moiety. Inorganic cations, such as Na+ and K+, could not 
be retained even using pure water in the mobile phase [38], indicating that on PGC the 
retention of a cation is less favored than the retention of an anion. 
Amino acids are generally rather anionic at high pH levels. If acetic acid is used as an 
electronic competitor for their elution on PGC, the mobile phase is acidic and so amino acids 
are cationic. Moreover, the hydrophobic contribution of the rest of the amino acid is too weak 
to induce sufficient retention. However, volatile salts, such as ammonia acetate, formate, and 
trifluoroacetate, can be used for pH control (decreasing or increasing the pH of the aqueous 
mobile phase). Separations of several amino acids (e.g., Gly, Thr, Asp, Glu, Asn, Leu, Ile, and 
Gln) were performed using an ammonium acetate buffer at pH 9.3 adjusted with a twofold 
ammonia excess as mobile phase [27] on PGC. This kind of mobile phase has been used 
successfully for total separation of the five proposed sulfur amino acids displayed in Fig. 2. 
With the use of a 10-mM ionic strength buffer as mobile phase, this method even allows their 
total resolution in less than 10 min under isocratic conditions.  
 
 
 
Fig. 2. LC–ELSD analysis of a standard solution of underivatized sulfur amino acids (100 mg/L each) on PGC. 
Mobile phase: ammonium acetate buffer (ionic strength 10 mM) at pH 9.3 (adjusted with ammonia). Flow rate, 
200 μl/min. Injection volume, 10 μl. 
 
Analysis by LC–MS and LC–MS–MS : 
These optimized LC conditions were then coupled to a negative elecrospray ionization (ESI)–
MS detection. The alkaline pH conditions of the mobile phase were well adapted to a 
sensitive negative detection mode because amino acids under these conditions are negatively 
charged. Moreover, we found that in negative mode, detection is 10 times more sensitive than 
in positive mode for thiotaurine, 20 times more sensitive than in positive mode for taurine, 
and 40 times more sensitive than in positive mode for hypotaurine. As depicted in Fig. 3, the 
proposed LC method, developed with the ELSD, was directly and successfully coupled with 
MS using a 1/10 split at the ion spray entrance.  
 
 
Fig. 3. LC–MS (total ion current and specific extracted ion current) analysis of a standard solution of 
underivatized sulfur amino acids (20 mg/L each) on PGC. Chromatographic conditions: see Fig. 1. Ion spray 
voltage: −4.0 kV. Split ratio: 1/10. Tht and 2-AEHS have the same nominal mass (m/z 140). Note the small 
amount of oxidized hypotaurine before the taurine peak in the extracted ion current corresponding to m/z 126. 
 
In MS, coelutions of compounds can be resolved in the event of different m/z ratios; however, 
in the case of Tau and Hpt (which differ in their molecular weights by 16 u), their 
chromatographic separation must be maintained. Indeed, in negative ion mode, hypotaurine is 
partially oxidized in taurine ( 13.5% of oxidation) in the ion source when the mobile phase is 
composed of 10 mM of ammonium acetate. This phenomenon is clearly evidenced in Fig. 3 
for the ion current corresponding to m/z 124. A small peak of oxidized Hpt can be observed 
before Tau at m/z 124. This oxidative phenomenon is not entirely surprising, however, 
because (i) hypotaurine oxidation in taurine is commonly observed through redox reactions 
[23] and [40] and (ii) ES behaves as an electrolytic cell where redox reactions often occur [41]. 
Thus, the accurate quantification of Tau is wrong in the case of coelution with Hpt. By 
reducing the ammonium acetate concentration to 5 mM in the mobile phase, selectivity 
between Tau and Hpt is increased; however, hypotaurine is nearly totally converted to taurine 
during the ionization process, and the oxidation rate of hypotaurine in taurine in the ion 
source is, unfortunately, time dependent and hard to control. Consequently, the MS–MS 
signal of Hpt (detection for ion transition 108 → 64) is always unstable for a given 
concentration, making a precise and accurate quantification of Hpt problematic. In contrast, 
with the aqueous mobile phase composed of 10 mM ammonium acetate, the oxidation of Hpt 
to Tau remains limited and constant. Consequently, the MS–MS signal of Hpt is stable for a 
given concentration, enabling a precise and accurate quantification of Hpt. Therefore, this 
mobile phase composition was chosen and the chromatographic system was further tested in 
terms of detection limits. 
By using a single MS detection mode, the limits of detection (signal-to-noise (S/N) ratio ≥3) 
were 1 mg/L for Hpt and Tau and 2 mg/L for Tht. This low sensitivity can be explained by the 
noisy background of the solvent in the range of m/z 50–250, which is a well-known drawback 
for the detection of low-molecular weight molecules. Tandem MS mode brings detection 
specificity. Thus, background noise is highly reduced, and limits of detection are lowered to 
25 μg/L for Hpt and Tau and to 50 μg/L for Tht, by using tandem MS. 
 
Improvement of MS detection limits using alcohol as “sheath flow” post column addition : 
These limits of detection for Hpt, Tau, and Tht were rather high for MS–MS detection. One 
would expect the method to be at least 10 times more sensitive. Sensitive LC–MS methods 
generally contain a higher amount of organic modifier. Organic modifiers are more volatile 
than water, and they reduce surface tension of the charged microdroplets that are produced 
during the ES process. Therefore, ion desorption from the droplets is more favored in organic-
rich mobile phases than in water-rich mobile phases, and sensitivity is increased. The 
observed low sensitivity is then due to the composition of the LC mobile phase selected (i.e., 
aqueous solution of ammonium acetate). 
To increase sensitivity, some organic modifier must be added in the mobile phase before the 
ionization process. We chose a post column addition to avoid the perturbation of the 
chromatographic profile. Post column addition was realized using a sheath flow system 
(coaxial addition) that is generally used in capillary electrophoresis (CE) [42], [43], [44], [45] and [46]. 
This kind of system was used previously with LC but was abandoned with the development of 
pneumatically assisted ES (i.e., ion spray) [47]. Alcohols such as isopropanol [39], [40], [41] and 
[42], and even longer side chain alcohols such as pentanol [46], are often used as makeup in 
CE. 
Alcohols were tested from methanol to pentanol as additional makeup as well as the influence 
of their flow rate. Isopropanol, at a 5-μl flow rate, gave the best results, as shown in Fig. 4 and Fig. 
5. Limits of detection were improved by approximately a factor of 5 for Hpt and Tau to reach 
5 μg/L, and the limit of detection was 10 μg/L for Tht.  
 
 
 
Fig. 4. Influence of the nature of the alcohol used as post column addition on the S/N ratio observed for the three 
sulfur amino acids of interest (10 mg/L) during their LC–MS–MS analysis. Chromatographic conditions: see 
Fig. 3. Flow rate of the sheath flow liquid: 10 μl/min. MeOH, methanol; EtOH, ethanol; PrOH, n-propanol; 
iPrOH, isopropanol; BuOH, butanol; and PentOH, pentanol. Given that the split ratio of the mobile phase before 
introduction in the source is 1/10, the nebulized mobile phase flow rate is 20 μl/min. 
 
 
Fig. 5. Influence of flow rate of the post column addition (isopropanol) on the S/N ratio observed for the three 
sulfur amino acids of interest (10 mg/L) during their LC–MS–MS analysis. Chromatographic conditions: see 
Fig. 3. 
 
Assays of taurine, hypotaurine, and thiotaurine in the tissues of some marine symbiotic 
invertebrates 
An internal standard method was used to measure the sulfur amino acid amounts in several 
invertebrate samples, and 2-AEHS was employed as the internal standard. Indeed, by 
monitoring the specific 2-AEHS ion transition (140 → 97), as well as the specific 2-AETS ion 
transition (156 → 80), no traces of these two substances were found in the biological samples 
analyzed. Moreover, it appears that under the chromatographic conditions used, the elution of 
2-AEHS (Fig. 2) between the Hpt–Tau pair and Tht is more appropriate for an internal 
standard than is 2-AETS as the last eluted compound. We should point out here that 2-AEHS 
might not be the most appropriate internal standard when compared with stable isotope-
labeled analogs for MS detection, but the latter are not commercially available and their 
chemical synthesis is both time-consuming and expensive. Assays of hypotaurine, taurine, 
and thiotaurine have been carried out on several samples of invertebrates. Because of the high 
amount of these sulfur-containing amino acids in the tissues, samples were diluted in the 
mobile phase by a factor of 10 before injection. Consequently, matrix effects (i.e., ion 
suppression due to ionization competition) are suppressed. Calibration curves were performed 
between 0.75 and 100 mg/L (using seven standard calibration levels in triplicate: 0.75, 1, 5, 
10, 25, 50, and 100 mg/L). This concentration range was selected according to the sulfur 
amino acid content of the studied samples. Coefficients of correlation were found to be 
greater than 0.992 for Hpt, and greater than 0.998 for Tau and Tht, using a linear fit model. 
Fig. 6 depicts an LC–MS–MS analysis of an extract from gills of a Calyptogena species (from 
Barbados). The extracted ion chromatograms (XIC) allow the specific identification and 
quantification of taurine (ion transition 124 → 80) and thiotaurine (ion transition 140 → 96). 
Hypotaurine (ion transition 108 → 64), in contrast, cannot be detected in this sample 
(<5 μg/L), corresponding roughly to 1 nmol/g dry weight of tissue. The concentrations of 
taurine and thiotaurine are 11 and 16 μmol/g dry weight of tissue, respectively, in this 
analyzed sample.  
 
 
Fig. 6. LC–MS–MS (total ion current and specific extracted ion current) analysis of an extract of gills from a 
vesicomyid clam (from Barbados) on PGC. Chromatographic conditions: see Fig. 3. Total ion current is obtained 
from the multiple reaction monitoring of the ionic currents corresponding to the specific ion transition of Hpt 
(deprotonated molecular ion at m/z 108 gives fragment ion at m/z 64), Tau (deprotonated molecular ion at m/z 
124 gives fragment ion at m/z 80), and Tht (deprotonated molecular ion at m/z 140 gives fragment ion at m/z 96). 
No internal standard was used for this displayed analysis. 
 
The quantification results for two bivalves (B. thermophilus andC. magnifica from 
Galapagos) and a tubeworm (R. pachyptila) are shown in Table 2. This is the first 
confirmation using MS of the presence of thiotaurine in the tissues of these symbiotic 
invertebrates. Although reported by several studies and different groups, the compound so far 
has been only tentatively determined by indirect methods [3], [4], [6], [7], [9], [10] and [11]. Discussion 
of the signification of the differences found among species, individuals, or tissues is outside 
the scope of the current study. Nevertheless, apart from having unequivocally established the 
occurrence of thiotaurine in these organisms, this study confirms some previous results, for 
example, the absence of hypotaurine in the gills of a vesicomyid clam from Barbados 
mentioned by Alberic and Boulègue [4] (see ion transition 108 → 64 in Fig. 6) and the 
contrasting occurrence of thiotaurine and hypotaurine in the trophosome and gills of R. 
pachyptila [3]. 
 
 
Table 2. : Quantification (μmol/g of dry weight) of hypotaurine, taurine, and thiotaurine in some deep sea 
invertebrates living in the vicinity of hydrothermal vents  
 
 
 
 Concentration in tissues (μmol/g dry weight)
Species Tissues Hpt Tau Tht 
Bathymodiolus thermophilus (Galapagos) Gills 50.4 44.8 22.7 
 Mantle 2.8 25.8 1.7 
Calyptogena magnifica (Galapagos) Gills 94.2 77.8 73.8 
Riftia pachyptila (East Pacific Rise, 13 ° N) Trophosome 2.5 20.5 >200a 
 Gills >200a 81.6 4.8 
Note. Each sample was analyzed twice, and the difference between the two determinations did 
not exceed 9% except for Hpt in the gills of B. thermophilus (14%). 
a Out of range; must be diluted before a new determination is made (otherwise, other 
compounds will be too diluted). 
 
 
Conclusion 
The goal of this study was to develop a reliable analytical method to characterize and quantify 
unusual sulfur amino compounds, especially thiotaurine, found in symbiotic deep marine 
invertebrates. Coupling LC with tandem MS proves to be a reliable procedure for the 
identification and quantification of metabolites in biological samples given that MS–MS 
detection is a highly sensitive and specific detection mode, whereas LC provides selectivity 
between the remaining isobars or isomers contained in the matrices. Sulfur amino acids are 
extracted from tissues (no derivatization step is needed, thereby reducing artifacts), filtered, 
and diluted before injection. As a result, sample preparation is reduced in comparison with 
other analytical procedures, and analysis time is only 10 min. The current three-dimensional 
procedure, where parent ion is the first dimension, specific fragment ion is the second 
dimension, and retention time is the third dimension, is much more reliable for biological 
sample analysis than are most of the other procedures. 
By using the above-described LC–MS–MS method in this study, thiotaurine, which currently 
has been detected only in deep sea symbiotic organisms, was unambiguously shown to be 
present in these biological matrices, and its concentration was determined. Taurine and 
hypotaurine, which are commonly occurring metabolites, were also easily and rapidly 
assayed. 
It should also be pointed out that the mass spectrometer used in this study belongs to an old 
generation. One can now expect more sensitive results with a new-generation spectrometer, or 
even a turbo ion spray source, rather than with the classical ion spray source. Indeed, the 
turbo ion spray is a thermally assisted ion source. Consequently, it is higher flow rate tolerant 
[48], [49] and [50]; thus, splitting the mobile phase is no longer necessary, and sensitivity is 
improved [50]. 
Finally, the interest in taurine analogs such as thiotaurine is not restricted to marine sciences, 
and an LC–MS method focusing on these compounds may well find applications in other 
fields such as the neurosciences [17] and [51]. 
To this point, the proposed LC–MS–MS methods optimized for amino acid analysis use 
acidic LC conditions more suitable for the positive ion mode MS detection [30] and [31]. 
Unfortunately, several amino acids (mainly phosphorus- and sulfur-containing amino acids) 
have a significantly low response in this positive ion mode [31]. Moreover, other compounds 
involved in inherited disorders, such as orotic acid and orotidine, can be detected only in 
negative ionization mode [31]. Therefore, appropriate LC conditions using alkaline mobile 
phases, compatible with MS detection of amino acids in a negative ionization mode, must be 
developed. The methodology proposed in this article constitutes a promising approach for 
analysis of underivatized amino acids in negative ion mode MS detection.  
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